Platinum-based drugs such as cisplatin and carboplatin are on the WHO model list of essential medicines, as highly effective chemotherapeutic drugs for the treatment of various solid tumors. These drugs react with purine residues in DNA, thereby causing DNA damage, inhibition of cell division, and eventually cell death. However, the mechanisms whereby platinum-based drugs enter cancer cells remained poorly understood. In this issue, Planells-Cases et al (2015) provide evidence that cells take up cisplatin and carboplatin via volume-regulated anion channels (VRACs), more specifically VRACs composed of LRRC8A and LRRC8D subunits.
See also: R Planells-Cases et al F ifty years ago, while testing the effect of electrical fields on the growth of bacteria, researchers discovered that metal complexes of platinum released from the electrodes had a strong inhibitory effect on bacterial cell division (Rosenberg et al, 1965) . This serendipitous discovery fueled further successful research into the antiproliferative effects of different platinumcontaining molecules in mammalian cancer cells. By the end of the 1970s, a first platinum-based drug, cisplatin (Fig 1A) , was approved for the treatment of testicular and ovarian cancers. Currently, cisplatin and second-and third-generation platinum-based drugs such as carboplatin and oxaliplatin are amongst the most widely used and effective anticancer drugs (Kelland, 2007) .
In the last decades, the biochemical mechanisms whereby cisplatin and related compounds inhibit cell proliferation have been largely unraveled. Briefly, once inside cells, platinum-based drugs undergo aquation (i.e. the incorporation of water molecules) and enter the nucleus where they react covalently with the N 7 nitrogen in guanines (Galluzzi et al, 2012) . This causes distortions in the DNA, which can provoke cell cycle arrest and ultimately programmed cell death (Kelland, 2007; Galluzzi et al, 2012) . However, before cisplatin and related drugs can exert their antiproliferative effects, they first need to be taken up by the targeted cells (Galluzzi et al, 2012) . Cisplatin and carboplatin are relatively polar, compared to other classes of small-molecule (anticancer) drugs. Consequently, their passive diffusion through the plasma membrane is slow, and other transport pathways, including transporters and channels, have been postulated. In particular, the copper transporter CTR1 has been proposed to mediate cisplatin uptake (Ishida et al, 2002) , although this has been disputed (Ivy & Kaplan, 2013) . Planells-Cases et al (2015) now propose that VRACs act as entry channels for cisplatin and carboplatin. VRACs are ubiquitous channels that typically open in response to cell swelling or any other maneuver that dilutes the cellular ionic content (Nilius et al, 1997; Pedersen et al, 2015) . VRACs are best known for their key role in the homeostasis of cell volume, but they have also been implicated in cellular processes including regulation of the membrane potential, release of transmitter and cell proliferation (Nilius et al, 1997) . Earlier work had already suggested a functional role for VRACs in cisplatininduced cell death. However, since the molecular nature of the functionally wellcharacterized VRACs had remained elusive for decades (Pedersen et al, 2015) , the exact role of these channels in platinum druginduced effects remained murky. Recently, the chloride channel field breathed a sigh of relief when two groups independently identified leucine-rich repeat-containing protein 8A (LRRC8A; also dubbed SWELL1) as an essential structural component of VRACs (Qiu et al, 2014; Voss et al, 2014) . LRRC8 proteins form a small family of integral membrane proteins with four transmembrane helices and include five homologues (LRRC8A-E) in mammals and most other chordates (Abascal & Zardoya, 2012) . Current evidence indicates that functional VRAC channels are heteromultimers that contain the obligatory LRRC8A subunit supplemented with at least one of the other four isoforms (Voss et al, 2014) . Based on limited homology with pannexins, a hexameric architecture has been proposed, but this stoichiometry still demands experimental verification (Abascal & Zardoya, 2012) .
In a genomewide screen for genes that mediate cisplatin and carboplatin resistance, Planells-Cases et al (2015) discovered that gene-inactivating insertions in the LRRC8A and LRRC8D genes resulted in significantly increased survival of cancer cells when grown in the presence of the two platinumbased drugs. Moreover, cells deficient in either LRRC8A or LRRC8D exhibited strongly reduced cellular platinum levels, suggesting that resistance to cisplatin and carboplatin is due to impaired cellular uptake of these drugs rather than to effects on downstream processes. Interestingly, hypotonic cell swelling caused a striking increase in cisplatin/carboplatin uptake. Overall, the results support the idea that the platinum-based drugs can permeate VRACs composed of LRRC8A and LRRC8D subunits.
It may seem dubious to assume that the pore of an anion-selective channel could accommodate a large, non-charged, platinum complex. Since cisplatin and oxaliplatin do not carry charge, it is technically impossible to directly measure their flux through VRACs using electrophysiological techniques. Nevertheless, earlier work has provided ample indications that VRACs may The EMBO Journal be permeable to larger (and not necessarily negatively charged) molecules, including amino acids, sugars, ATP, and the sulfonic acid taurine, and estimates of the diameter of the VRAC pore are in the range of 12-14 Å (Pedersen et al, 2015) . As such, the molecular dimensions of cisplatin and carboplatin would be at least compatible with pore permeation (Fig 1) . Planells-Cases et al (2015) provide evidence that permeability to such larger molecules is dependent on the subunit composition of VRACs, in that channels containing the LRRC8D subunit conduct more cisplatin and taurine (Fig 1) . This suggests that LRRC8D differs from the other LRRC8 isoforms in regions that contribute to the VRAC pore. At present, the localization and structure of the VRAC pore is unknown. In fact, it cannot yet be excluded that other non-LRRC8 proteins contribute to the VRAC pore. Mutating a threonine residue at the top of the first transmembrane domain (TM1) of LRRC8A caused mild changes in anion selectivity, suggesting that this residue may be in the vicinity of the permeation pathway (Qiu et al, 2014) . Sequence alignments of all LRRC8 proteins indicate that the first extracellular loop connecting TM1 and TM2 in LRRC8D is about 40 amino acids longer than in the other isoforms (Abascal & Zardoya, 2012) . It is therefore tempting to speculate that this first extracellular domain of LRRC8 proteins forms a reentrant pore loop in VRACs and that the extended loop in LRRC8D results in an enlarged pore that facilitates permeation of platinum-based drugs and organic osmolytes. In addition to providing important insights into the VRAC pore, the new results may have significant clinical impact. Reduced cellular uptake is one key mechanism, whereby cancer cells can become resistant to platinum-based drugs (Galluzzi et al, 2012) . In this respect, Planells-Cases et al (2015) provide a retrospective analysis of two small cohorts of ovarian cancer patients that received treatment with platinum-based drugs, which reveals that lower expression levels of LRRC8D correlate with lower survival rates. If these results are further confirmed, assessment of LRRC8D expression may be tested in cancer patients to predict the efficacy of platinum-based drugs and to adjust the treatment strategy accordingly. It might even be considered to develop agonists that selectively activate LRRC8D-containing VRACs, irrespective of cell volume changes, which could then be used to increase the effectiveness of platinum-based drugs. Some caution is required here, as several earlier studies have linked VRAC activity to cell cycle progression, and pharmacological agents that inhibit VRACs were generally found to act as potent inhibitors of cell proliferation (Voets et al, 1995; Shen et al, 2000; Pedersen et al, 2015) . Therefore, pharmacological upregulation of VRAC function in vivo may have unwanted stimulatory effects on cell growth. It is also known that various widely used drugs, including for instance the anti-estrogen tamoxifen and the antidepressant fluoxetine (Prozac), potently inhibit VRACs (Pedersen et al, 2015) and may thus potentially influence the uptake of platinum drugs by cancer cells in patients. Finally, knowledge about the entry mechanisms of platinum-based drugs might also be exploited to prevent their entry into non-cancer cells. For instance, one of the most common and burdensome side effects of platinum-based drugs is the development of neuropathic pain, which is due to an effect of the drugs on peripheral nerves and the surround tissue (Avan et al, 2015) . Peripheral inhibition of LRRC8D-containing VRACs might be a strategy to prevent these adverse effects. 
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